1 Aluminium fluoride (AlF), pertussis toxin (PTX) and cholera toxin (ChTX) have been used to examine the involvement of G-proteins during muscarinic acetylcholine receptor (AChR) stimulation of inositol phospholipid hydrolysis in fragments of longitudinal smooth muscle from the small intestine of the guinea-pig. 4 PTX had no effect on basal levels of any of the [3H]-inositol phosphates but reduced the effects of CCh on these; ChTX had no effects on either basal or CCh-stimulated levels. 5 It was concluded that muscarinic AChR-stimulated increases in the levels of [3H]-inositol phosphates occur via both a PTX-sensitive G-protein and a PTX-insensitive mechanism. The actions of AIF may suggest the involvement of an inhibitory G-protein in the regulation of muscarinic AChR-stimulated inositol phospholipid turnover.
Introduction
In smooth muscle, muscarinic acetylcholine receptors (AChRs) are linked via G-proteins to stimulation of inositol phospholipid hydrolysis and inhibition of adenylyl cyclase (Kamm & Stull, 1989; Noronha-Blob et al., 1989) . These effects are thought to be mediated by different subtypes of receptor and in the longitudinal muscle of guinea-pig ileum, radioligand binding and contraction studies using selective antagonists have suggested that 70% of the muscarinic AChRs are M2 and the other 30% are M3. The M3 subtype of the receptor mediate contraction (Giraldo et al., 1988; Michel & Whiting, 1990; Barocelli et al., 1993) .
The G-protein a subunits involved in phospholipase C (PLC) activation and adenylyl cyclase inhibition have been divided into two classes based on their sensitivity to PTX (Casey & Gilman, 1988) . Studies using transfected mammalian cell lines have suggested that individual muscarinic AChR subtypes evoke distinct cellular responses through differential interaction with these two classes of G-proteins (Peralta et al., 1988; Ashkenazi et al., 1989; Lechleiter et al., 1990) . It has been suggested that the ml, M3 and M5 receptor subtypes primarily activate a PTX-insensitive G-protein pathway leading to a potent stimulation of PLC-mediated phosphoinositide hydrolysis (Peralta et al., 1988; Ashkenazi et al., 1989) whereas the m2 and m4 receptor subtypes primarily mediate both the activation of PLC and inhibition of adenylyl cyclase through PTX-sensitive pathways (Ashkenazi et al., 1989) . Stimulation of phospholipase A2, phospholipase D, adenylyl cyclase, Ins(1,4,5)P3-independent receptoroperated Ca2+ channels and Ca2+-dependent tyrosine kinases by mi, m3 and m5 have also been reported (Nathanson, 1987; Baumgold & Fishman, 1988; Conklin et al., 1988; Stratton et Author for correspondence. Sandmann et al., 1991; Felder et al., 1993) . Despite these results there is no conclusive evidence that an individual muscarinic AChR subtype cannot link to several different G-protein or other signal transducing systems. G-proteins have been shown to be directly activated by AlF. The AlF mixture gives AlF4-(AlF) (Sternweis & Gilman, 1982) and Bigay et al. (1987) showed that the AIF complex, which has a chemical structure similar to that of P04-, binds to the nucleotide binding site of the a-subunit of the G-protein, close to the P-phosphate of GDP, and consequently activates the G-protein by dissociating the a. from the Pfy subunits. Thus, when the nucleotide site contains GDP (as in the inactive state) AIF becomes associated with the GDP and mimics the Ty-phosphate of GTP. In many cell types AlF has been shown to induce Ca2+ mobilization and phosphoinositide hydrolysis by direct activation of a G-protein coupled with PLC (Blackmore et al., 1985; Guillon et al., 1986; Paris & Pouysseger, 1987; Toyjo et al., 1991) and to cause contraction in various smooth muscles (Marc et al., 1988; Zeng et al., 1989; Cushing et al., 1990; Hall et al., 1990; Ratz & Blackmore, 1990; Kawase & Van Breemen, 1992) .
AlF also affects cyclic AMP levels through Gi and G. (Cook et al., 1985) .
PTX and ChTX have both been used extensively in aiding the identification of the G-proteins linked to adenylyl cyclase (Stryer & Bourne, 1986) and have more recently been used to determine the involvement of G-proteins in PLC activity (Hepler & Gilman, 1992) . In several cell types PTX blocks agonist-stimulated PLC activation (Brandt et al., 1985; Nakamura & Ui, 1985) . In smooth muscle, variable effects of PTX have been found on agonist-stimulated phospholipase C activation e.g. responses have been shown to be markedly inhibited in the rabbit pulmonary artery (Hohlfeld et al., 1990 ) and in cultured cells from rat aorta (Bruns & Marme, Brftish Journal of Pharmacology (1995) 114, 119-126 1987) partially inhibited in rat and human myometrium (Anwer et al., 1989; Phaneuf et al., 1993) and not affected in pig coronary arteries (Sasaguri et al., 1986) a vascular smooth muscle cell line (Muldoon et al., 1989) or rat portal vein myocytes (Loirand et al., 1990) . In guinea-pig myometrial smooth muscle, treatment with ChTX was shown to inhibit the muscarinic inositol phosphate response (Marc et al., 1988) and inhibit agonist-induced contractions in rat portal vein (Zhang et al., 1993) . The fact that in some cells agonist-induced phosphoinositide breakdown is inhibited by PTX whereas in others it is not led to the conclusion that more than one type of G-protein was associated with PLC (Simon et al., 1991) .
In this study, both AlF, which by mimicking the y phosphate of GTP activates all G-proteins in a non-selective way, and treatment with PTX and ChTX have been used to identify G-protein modulation of muscarinic AChR-induced increases in [3H]-inositol phosphate levels at early times.
Methods

Preparation and assay of labelledfragments
The preparation of the longitudinal layer from the small intestine of the guinea-pig is a modification of the method by Paton & Zar (1968) . Female guinea-pigs (250-350 g) were killed by cervical dislocation and exsanguination. The small intestine was exposed and rinsed in pregassed Krebs Ringer buffer (KRB) and the longitudinal layer from the whole length of the small intestine except the terminal 5 cm, was carefully pulled away from the underlying tissue using fingers. Tissue which had been in contact with the fingers was discarded and the rest of the strips immersed in warm KRB solution. These strips were rinsed several times in fresh KRB Prestwich & Bolton (1991) . The protein concentration of the samples was determined using the method of Lowry et al. (1951) .
KRB solution was gassed throughout with 95% 02, 5% CO2 and had the following composition (final, mM): NaCl 120, KCl 5.9, NaHCO3 15.4, NaH2PO4 1.2, glucose 11. . From (Figure 2 ). It will be seen that the effects of AIF on all inositol phosphate isomers levels were less when 5 min incubation was used than the effects of CCh (100I1M) after 5 min incubation (Figure 1) . Application of AIF for 5 min increased the measured levels of labelled inositol phosphates and 30min incubation produced further increases in all inositol phosphates measured except [H]-Ins(1,4,5)P3 and L3HI-InsP4 (Figure 1) . Although there was no increase in basal levels of these two isomers upon 30min incubation with AIF, the effects of CCh on these were completely inhibited; 5 min incubation with AIF produced substantial reduction in the effect of CCh on [H]-Ins(1,4,5)P3 (Figure 2) 
Aluminium fluoride
AlF has been shown to increase [Ca2+Ji, increase Ca2" influx, deplete phosphatidylinositol (4,5) bisphosphate and increase Ins(1,4,5)P3 levels (Blackmore et al., 1985) . This suggests that
AlF can mimic the effects of Ca2"-mobilizing agents by activating a G-protein involved in the coupling of receptors to PLC-mediated hydrolysis of phosphatidylinositol (4,5) bisphosphate.
The concentration of AIF used in this study (10 mM sodium fluoride plus 10 WM aluminium chloride) has previously been shown on single cells from longitudinal smooth muscle of the small intestine to abolish the transient outward currents probably caused by spontaneous release of calcium from stores within 2 min of application in a similar way to that of GTP'yS and CCh (Bolton & Lim, 1989) . This suggests it causes a depletion of calcium from the internal stores via Ins(1,4,5)P3 release in these cells. Using longitudinal smooth muscle from the small intestine of the guinea-pig, NaF was found to cause a concentration-depenIns(1,4)P2 
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10 100 log Time (s) Figure 4 The effect of pertussis toxin (PTX) on carbachol (CCh)-induced increases in PH]-inositol phosphate levels with time.
[3H]-inositol-labelled smooth muscle fragments were incubated in either normal KRB or KRB with 6 jig ml1 PTX for 20 h at 30C. At the end of the incubation period each set of fragments was washed and divided and the production of . AlCl3 with 10 mM NaF has also been shown to result in maximal increases in inositol phosphates in other smooth muscle cells (Marc et al., 1988) .
Although the muscarinic AChR-stimulation of [3H]-inositol phosphate levels occurs within seconds, the AIF response is much slower, taking several minutes before increases could be seen in most of the isomers (Figure 1 ). Such a slow or gradual development of the response has been observed by others in several cell types (Matozaki et al., 1988; Baukal et al., 1988) and in smooth muscle cells (Marc et al., 1988 (Claro et al., 1990) resulting in depletion of the (labelled) phosphatidylinositol(4,5) bisphosphate pool or inhibition of ATP hydrolysis (Biffen & Martin, 1989) (Biffen & Martin, 1989; Claro et al., 1990) (Godfrey & Watson, 1988; Geet et al., 1990 (Clapham & Neer, 1993 Olianas & Onali, 1993) .
Toxin treatment
The results using ChTX (Figure 3) (Phaneuf et al., 1993) . Long incubations with PTX (20 h) may result in the ADP-ribosylation of a slowly ribosylated PTX sensitive G-protein (Neylon et al., 1992) or down regulation of the P subunit of G-proteins, resulting in a non-specific inhibition of all G-proteins present (Watkins et al., 1989) . Hence, although the PTX effects in the present study may be due to the presence of a G-protein, the altered component of the G-protein is not necessarily an identified PTX-sensitive a subunit.
In many of the studies where a PTX-sensitive G-protein has been shown to be involved in agonist-induced inositol phospholipid hydrolysis, the presence of only one G-protein has been assumed to link the receptor with the PLC. Partial inhibition of muscarinic AChR agonist-induced production of inositol phosphates has been observed in reconstitution studies (Ashkenazi et al., 1989; Lazareno et al., 1993) . A PTX-sensitive G-protein coupled transfected m2 receptors to phosphatidylinositol hydrolysis and at least one PTXsensitive and one PTX-insensitive G-protein coupled transfected ml and m3 receptors to phosphatidylinositol hydrolysis. Lazareno et al. (1993) found that m2 and m4 receptors were associated with PTX-sensitive G-proteins whereas ml and m3 were associated with both PTX-sensitive andinsensitive G-proteins. This suggests that in the present study both the PTX-sensitive and PTX-insensitive G proteins may be linked to the M3 receptors which are thought to be the predominant receptors involved with contraction in this smooth muscle. However M2 receptors associated with PTXsensitive G proteins may also have a role in the agonist induced increases in the levels of inositol phosphates (Thomas et al., 1993 (Caulfield, 1993; Doods et al., 1994; Eglen et al., 1994) .
The identification of the G-protein a subunit linking the PTX-sensitive activation of PLC mediated by muscarinic AChRs, and several other types of G-protein-coupled receptor has proved elusive although recently Goq2 and Gcq3 have been shown to be coupled to transfected muscarinic AChR m2 and the stimulation of PLC (Dell'Acqua et al., 1993) .
Recent reports describing pfr subunit activation of PLCP2 raises the possibility that the PTX sensitive PLC activation in these experiments may be mediated by pfy subunits (Clapham & Neer, 1993) . Muscarinic AChRs expressed in COS cells activate PLCP2 only in the presence of GPT, indicating that mAChR can initiate signalling cascades working through GP7 (Katz et al., 1992 Lee et al., 1993) . If some fr-subunit complexes have abilities to stimulate or inhibit a particular effector, then the forms of fry associated with different G-proteins that interact with individual receptors will be an important determinant of agonist regulation.
Conclusion
The inhibitory effect of AIF on CCh-induced increases in labelled inositol phosphates may indicate the activation by AIF of an inhibitory G-protein although other possibilities cannot as yet be excluded. Muscarinic AChR responses are coupled to PLC via PTX-sensitive G-protein(s) and by a PTX-insensitive mechanism.
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